Minimally invasive superficial femoral artery endarterectomy: Early experience with a modified technique  by Whiteley, M.S. et al.
Eur J Vasc Endovasc Surg 16, 254-258 (1998) 
ENDOVASCULAR AND SURGICAL  TECHNIQUES 
Minimally Invasive Superficial Femoral Artery Endarterectomy: 
Early Experience with a Modified Technique 
M. S. Whiteley 1, T. R. Magee 1, E. P. H. Torrie 2 and R. B. Galland* 
Department of ~Surgery and 2Radiology, Royal Berkshire Hospital, London Road, Reading, U.K. 
Objectives: To describe our experience of a modified technique for carrying out remote endarterectomy for superficial 
femoral artery occlusive disease. 
Methods: A 4-French arterial dilator is inserted using a Smart needle into the popliteal artery below the occlusion. A 
remote endarterectomy is carried out through an arteriotomy in the proximal superficial femoral artery. The atheroma is 
cut distal to the lower extent of disease using a Moll ring cutter. The lower flap of atheroma is secured with an intraluminaI 
stent inserted from the arteriotomy in the superficial femoral artery. The arteriotomy is extended into the common femoral 
artery and closed with a vein patch. 
Results: The procedure was completed in 21 of 26 limbs. In 18 cases the superficial femoral artery remained patent at 
30 days. Of the 21 cases all but four stayed in hospital for one night. A successful femoropopliteal bypass was carried 
out in the five patients in whom the procedure was not completed. 
Conclusion: Insertion of the dilator into the popliteal artery distal to the occlusion before carrying out the remote 
endarterectomy has two advantages. Firstly, the stent insertion is carried out in the correct plane and prevents dissection 
of the distal cut atheroma when attempting to pass the guidewire from above. Secondly, the procedure can be carried out 
under simple image intensification without sophisticated radiological equipment. The early results are encouraging and 
further evaluation of the technique is justifiable. 
Introduction 
Percutaneous balloon dilatation of superficial femoral 
artery stenoses or short occlusions is well established. 
On the other hand, with long occlusions it can be 
difficult to pass the guidewire and if dilatation is 
performed the long-term results are generally poor. 1'2 
The place of long subintimal angioplasty has yet to 
be fully established. 3 Patients with long superficial 
femoral artery occlusions who require vascular inter- 
vention rely upon bypass or endarterectomy to re- 
vascularise the limb. 
In an attempt o reduce morbidity and length of 
hospital stay in such patients attention has been fo- 
cused upon minimally invasive operative methods. 
Vein graft harvest for bypass has been attempted 
through an endoscope which can be performed with- 
out the necessity for a long thigh incision. 4 Closed 
superficial femoral artery endarterectomy through a 
* Please address all correspondence to: R. B. Galland, Royal Berkshire 
Hospital, London Road, Reading, RG1 5AN, U.K. 
small groin incision, and inlaying an endoluminal 
PTFE graft, though feasible s has disappointing 
results. 6Moll et al. have developed a simple method 
of performing closed superficial femoral artery en- 
darterectomy. 7 Having performed the endarterectomy 
through the proximal superficial femoral artery, a stent 
is placed to hold the distal atheromatous flap in po- 
sition. The proximal arteriotomy is extended into the 
common femoral artery and closed with a vein patch. 
Results of this procedure at I year are similar to those 
exepected with conventional bypass grafting but with 
a significantly shorter hospital stay. 8
The technique requires a guidewire to be passed 
distally from the superficial femoral arteriotomy 
through the distal atheromatous cut. There is the 
potential for further dissection at this point with the 
guidewire not passing down the arterial umen. In the 
first two cases which we attempted using the Moll 
technique, this complication took place and the pro- 
cedure failed. We have therefore modified the oper- 
ation so that the guidewire is introduced into the 
popliteal artery before the endarterectomy. This en- 
sures that the endovascular procedure takes place in 
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Fig. 1. Diagram to illustrate the current technique of remote endarterectomy. A: Endarterectomy hasbeen performed by ring-stripper 
(not shown) just distal to endof occlusion. B:Moll ring cutter passed to same position in endarterectomy plane (inset shows ring cutter 
closed). C: Ring cutter t ansects atheroma at chosen level (inset shows the relative movement of rings). D: Atheromatous core removed 
proximally leaving free edge of cut atheroma. E: Diagrammatic representation of Palmaz stent in position, "funnelled" from above to
below. 
the correct lumen. The aim of this paper is to describe 
our early results using this technique. 
Methods 
Technique 
The original technique described by Moll is illustrated 
in Fig. 1. The ring-stripper is passed in the plane of the 
endarterectomy down the superficial femoral artery to 
the point where the artery becomes patent. This is 
performed under X-ray control. The "Moll ring cutter" 
(Medtronic, U.S.A.) is then passed to the same point 
and the atheroma cut. The atheromatous core is ex- 
tracted. At the level of the distal cut there is a cir- 
cumferential free flap of residual atheroma. It is into 
this lumen that the guidewire must be passed prior 
to a stent being inserted. 
In our modification, the patient is taken to the 
X-ray suite preoperatively. A 4F arterial dilator is in- 
serted into the patent popliteal artery below the oc- 
clusion using a Smart needle (Smart needle, Kimal 
Scientific Products). This is performed under local 
anaesthetic. Having cannulated the popliteal artery 
the dilator is infused with 1000 units of herparin 
and left in situ. The patient is then transferred to 
the operating theatre. Under general anaesthetic the 
common, profunda and proximal superficial femoral 
arteries are exposed. Following intravenous hep- 
arinisation (5000IU), a vascular clamp is applied 
to the origin of the superficial femoral artery. The 
profunda femoris artery is not clamped at this stage. 
A longitudinal arteriotomy is performed. The en- 
darterectomy plane is found and a ring-stripper in- 
troduced. At this point an angiogram is carried out 
through the popliteal dilator to define the distal limit 
of disease. 
A 1.5 mm "J" guidewire is inserted through the 
popliteal sheath and wedged against he distal end of 
occlusive disease. This accurately marks the distal imit 
of the endarterectomy. The ring-stripper is advanced 
to this point (Fig. 2) and the guidewire withdrawn 
approximately 3 cm. The atheroma is then cut using 
the "Moll ring cutter". 
Having withdrawn the atheromatous core through 
the proximal superficial femoral artery, an angiogram 
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Fig. 2. Guidewire passed in antegrade fashion can cause further 
dissection preventing cannulation f the distal lumen. B: Guidewire 
passed retrogradely from popliteal dilators ensures successful can- 
nulation of distal lumen a d eliminates risk of urther dissection. 
is again performed from below. This should confirm 
that all atheroma has been withdrawn and defines the 
site of the distal flap where the stent is to be placed. 
A 145 cm guidewire is passed retrogradely from the 
popliteal sheath up to the arteriotomy in the superficial 
femoral artery. A straight catheter is passed down the 
guidewire from the groin until it abuts against the 
popliteal catheter below the flap. The guidewire is 
then completely withdrawn from the femoral end and 
reversed so that the 1.5 mm "J" is placed antegradety 
from the surgical site into the distal popliteal artery. 
Having achieved this the guidewire is in the correct 
plane within the vessel and there is still access from 
below for imaging. 
A Palmaz stent (J and J Interventional, U.S.A.) is 
positioned over the flap. A 2.9 cm stent is used with 
an 8 mm maximal diameter mounted on a 5 mm bal- 
loon, It is important hat the lower end of the stent is 
dilated to the diameter of the run-off vessel. The 
diameter of the lumen above the flap is approximately 
3 mm greater as this represents thickness of the ather- 
omatous disease. Having positioned the stent, the 
proximal end is funnelled by "oversizing" the top half 
of the stent using an 8 mm balloon so that blood flow 
is channelled smoothly into the popliteal artery. 
A completion angiogram is then carried out. The 
popliteal catheter can be withdrawn and the operation 
completed by extending the arteriotomy onto the com- 
mon femoral artery and closing this with a vein patch. 
Clinical details 
The technique was attempted on 25 patients (26 legs). 
There were 18 men. The median age was 64 years 
(range 45-84 years). The presenting symptom was 
incapacitating intermittent claudication in 23 limbs 
and rest pain in three. The median claudication dis- 
tance was 50 m (15-150 m). All patients had correction 
of risk factors and those with claudication had failed 
to improve with a 3 month conservative r gimen. 
All of the patients in this series had smoked. At the 
time of presentation 10 were still smoking. Six patients 
were diabetic, seven had hypercholesterolaemia, one
was polycythaemic and 12 had hypertension. Seven 
patients had ischaemic heart disease, four had had 
coronary artery bypass grafts. Three patients had ex- 
perienced cerebrovascular ccidents or transient isch- 
aemic attacks. 
Five patients had previously undergone per- 
cutaneous transluminal angioplasty for the superfical 
femoral artery disease. One had undergone a femo- 
ropopliteal bypass which had occluded and another a 
superficial femoral endarterectomy 20 years before. 
One patient had previously undergone a femoro- 
femoral cross over graft and another an abdominal 
aortic aneurysm repair. 
All patients had disease arising from the origin of 
the superficial femoral artery and extending down to 
the adductor hiatus above the knee. Table 1 shows the 
nature of the superficial femoral artery disease. Heavy 
calcification within the artery was noted in four 
patients and one had a popliteal artery stenosis. Sixteen 
patients had three-vessel run-off in the call seven two 
vessel run-off and three three-vessel run-off. 
All patients had calculation of ankle-brachial pres- 
sure index (ABPI) before and following the procedure. 
Intravenous digital subtraction angiography (IV DSA) 
was performed routinely on all patients, supplemented 
by intra-arterial studies or duplex scanning if felt to 
be clinically necessary. 
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Table 1. Pathology of superficial femoral artery. 
Nature of diseased 
superficial femoral 
artery 
Length of occlusions 
<10 cm 11-12 cm 21-30 cm >30 cm 
Occlusion 13 
Occlusion and stenosis 12 
Multiple stenoses 1 
8 5 
3 5 4 
Results 
The popliteal artery was cannulated successfully in all 
26 legs. This part of the procedure took a median time 
of 10 rain (ranges 5-20 rain). 
In 21 cases the remote endarterectomy was com- 
pleted satisfactorily. One of the other five patients 
had had a previous superficial femoral artery en- 
darterectomy and another a femoropopliteal bypass. 
The superficial femoral artery was heavily calcified in 
two patients. In one of those, and one other patient 
the superficial femoral artery was perforated uring 
the endarterectomy. In each of these five case a suc- 
cessful femoropopliteal bypass was carried out. All 
patients in whom the technique was felt to have been 
successful had an IV DSA the day following the pro- 
cedure. In two patients the superficial femoral artery 
had occluded. One of these underwent a throm- 
bectomy but the artery had rethrombosed when the 
patient was seen at follow-up 1 month later. Six of the 
seven failures were in the first 10 patients that we 
treated. 
In the 21 cases in which the procedure was felt to 
have been satisfactorily completed the median dur- 
ation of the operation was 90 min (range 50-135 rain). 
All but four of the patients having successful pro- 
cedures went home the day following the operation. 
The remainder stayed an extra night in hospital. In one 
case the patient had been on warfarin preoperatively 
because of an artificial heart valve and required re- 
warfarinisation. One patient was thought o have poor 
run-off and was heparinised for 48 h. Another patient 
required re-exploration of the groin on the evening of 
the operation due to bleeding from the vein patch. A 
further patient stayed an extra night because of ex- 
cessive pain in the groin. 
In addition to the two occlusions, the only other 
complication encountered was the bleed from the vein 
patch. No patient died and none required amputation. 
One patient developed a superficial wound infection 
2 weeks postoperatively. 
At 30 days 18 of the 21 successfully completed 
procedures remained patent. None of those patients 
had symptoms and in all but three there were palpable 
foot pulses. The median ABPI preoperatively in this 
group of patients was 0.57 (range 0.42-0.87). This had 
risen to 1 (0.63-1.21) by 30 days. 
Discussion 
The remote endarterectomy described by Moll has a 
number of advantages compared with other forms of 
surgical superficial femoral artery intervention. It is 
minimally invasive and the short, single groin incision 
heals well. In our series there was only one com- 
plication associated with the groin wound, a superficial 
infection. Most patients require one overnight stay in 
hospital following the procedure. Only four of the 21 
cases which were successful required an extra night in 
hospital in this series. This is similar to hospitalisation 
required for percutaneous transluminal angioplasty 
and significantly shorter than that required for either 
semi-closed endarterectomy or femoropopliteal by- 
pass. Furthermore, it allows preservation of the long 
saphenous vein which may be used for subsequent 
procedures. The disadvantage, which we encountered, 
was difficulty in passing the guidewire from above 
prior to stenting, due to the inability to enter the 
arterial umen. The modification of Moll's technique, 
described in this paper, overcomes this disadvantage. 
By having a guidewire in the popliteal artery distal to 
the occlusion it also defines accurately the lower limit 
of the occlusion. We used a Palmaz stent since that 
was the one originally used in the Moll technique. 8 Its 
high radio-opacity makes it easy to visualise and site 
accurately. Its relative rigidity makes it easy to "funnel" 
the upper end. The rigidity of the stent was not a 
problem in our series as the distal limit of en- 
darterectomy in all our patients was the adductor 
hiatus. 
We were unable to complete the remote en- 
darterectomy successfully in five cases (19%). How- 
ever, there has only been one failure in the last 16 
cases attempted. In a study of 259 attempted superficial 
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femoral artery endarterectomies van der Heijden et aI. 
experienced an 11% failure rate. 9 However, in ap- 
proximately one-third of the cases in their series the 
lesions in the superficial femoral artery comprised 
either a single stenosis or occlusions less than 10 cmJ ° 
Failure of superficial femoral artery endarterectomy, 
where occurring earlier or late, does not appear to 
compromise the outcome of subsequent femo- 
ropopliteal bypass. 9 
The results of superficial femoral artery end- 
arterectomy are similar to those obtained with bypass 
graftingJ °Using the remote ndarterectomy technique 
cumulative assisted primary and secondary patency 
of 86% has been describedJ 1 
The early results of the technique of remote en- 
darterectomy are encouraging. We feel that our modi- 
fication facilitates stent placement and allows the 
procedure to be carried out in the absence of soph- 
isticated angiography. Clearly, long-term results are 
awaited but the technique provides a further means 
of revascularisation i  the presence of a superficial 
femoral artery occlusion. 
References 
1 GUTTERIDGE WB, TORRIE EPH, GALLAND RB. Cumulative risk of 
bypass, amputation or death following percutaneous trans- 
luminal angioplasty. Eur Vasc Endovasc Surg 1997; 14: 134-139. 
2 GORDON IL, CONROY RM, TOBIS JM, KOHL C, WILSON SE. De- 
terminants of patency after percutaneous angioplasty and ar- 
terectomy of occluded superficial femoral arteries. Am J Surg 
1994; 169: 115-119. 
3 LONDON NJM, SRINIVASAN R~ NAYLOR AR et al. Subintimal 
angiop!asty of femoropopliteal rtery occlusions: the long-term 
results. Eur J Vasc Surg 1994; 8: 148-155. 
4 ROSENTHAL D, DICKSON C, RODRIGUEZ FJ et al. Infrainguinal 
endovascular in situ saphenous vein bypass: ongoing results. J
Vasc Surg 1994; 20: 389-394. 
5 MORRIS GE, AI~"~ SS, Quick CR et aI. Endovascular femo- 
ropopliteal bypass: a cadaveric study. Eur J Vasc Endovasc Surg 
1995; 10: 9-15. 
6 COWAN AR, MORRIS GE. Mechanical superficial femoral artery 
endarterectomy and endoluminal femoropopliteal bypass graft- 
ing. Br J Surg 1997; 84: 565. 
7 MOLL FL, ILO GH, JOOSTEN PP et aL Endovascular remote en- 
darterectomy in femoropopliteal segmental occlusive disease. A
new surgical technique illustrated and preliminary results using 
a ring strip cutter device. J Cardiovasc Surg Torino 1996; 37 
(Suppl. 1) 39-40. 
8 Ho GH, MOLL FL, HEDEMAN JOOSTEN PP et al. Endovascular 
remote endarterectomy in femoropopliteal occlusive disease: 1- 
year clinical experience with the ring strip cutter device. Eur J 
Vasc Endovasc Surg 1996; 12: 105-112. 
9 VAN DER HEIJDEN FHWIVI, EIKELBOOM BC, VAN REEDT DORTLAND 
et al. Long-term results of semiclosed endarterectomy of the 
superficial femoral artery and the outcome of failed re- 
construction. J Vasc Surg 1993; 18: 271-279. 
10 VAN DER HEIJDEN FI-~A/M, EIKELBOOM BC, VAN REEDT DORTLAND 
RWH et al. Endarterectomy of the superficial femoral artery: a 
procedure worth reconsidering. Eur ] Vasc Surg 1992; 6: 651~58. 
11 MOLL FL, Ho GH. Closed superficial femoral artery end- 
arterectomy: a 2-year follow-up. Cardiovasc Surg 1997; 4 (vol 5): 
398-400. 
Accepted 24 March 1998 
Eur J Vasc Endovasc Surg Vol 16, September 1998 
